To determine the incidence of and factors associated with perioperative cardiac arrest within 24 hours of receiving anesthesia for emergency surgery. Patients and methods: This retrospective cohort study was approved by the ethical committee of Maharaj Nakorn Chiang Mai Hospital, Thailand. We reviewed the data of 44,339 patients receiving anesthesia for emergency surgery during the period from January 1, 2003 to March 31, 2011. The data included patient characteristics, surgical procedures, American Society of Anesthesiologists (ASA) physical status classification, anesthesia information, location of anesthesia performed, and outcomes. Data of patients who had received topical anesthesia or monitoring anesthesia care were excluded. Factors associated with cardiac arrest were identified by univariate analyses. Multiple regressions for the risk ratio (RR) and 95% confidence intervals (CI) were used to determine the strength of factors associated with cardiac arrest. A forward stepwise algorithm was chosen at a P-value ,0.05. Results: The incidence (within 24 hours) of perioperative cardiac arrest in patients receiving anesthesia for emergency surgery was 163 per 10,000. Factors associated with 24-hour perioperative cardiac arrest in emergency surgery were age of 2 years or younger (RR =1.46, CI =1.03-2.08, P=0.036), ASA physical status classification of 3-4 (RR =5.84, CI =4.20-8.12, P,0.001) and 5-6 (RR =33.98, CI =23.09-49.98, P,0.001), the anatomic site of surgery (upper intra-abdominal, RR =2.67, CI =2.14-3.33, P,0.001; intracranial, RR =1.74, CI =1.35-2.25, P,0.001; intrathoracic, RR =2.35, CI =1.70-3.24, P,0.001; cardiac, RR =3.61, CI =2.60-4.99, P,0.001; and major vascular; RR =3.05, CI =2.22-4.18, P,0.001), respiratory or cardiovascular comorbidities (RR =1.95, CI =1.60-2.38, P,0.001 and RR =1.38, CI =1.11-1.72, P=0.004, respectively), and patients in shock prior to receiving anesthesia (RR =2.62, P,0.001).
Introduction
Cardiac arrest in patients after receiving anesthesia for emergency surgery occurs at a rate of more than twice that of elective surgical cases, and also with significantly higher mortality rates. [1] [2] [3] [4] [5] [6] Two studies reported that 50%-60% of all episodes of cardiac arrest in surgical patients occurred in patients undergoing emergency surgeries. 2, 7 In developing countries the incidence of all perioperative cardiac arrest varies from 2.99-40.4 submit your manuscript | www.dovepress.com
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siriphuwanun et al per 10,000 2, 5, 8 and increases in emergency surgery with the incidence varying from 6.48-62.1 per 10,000. 2, 9, 10 Patients undergoing emergency surgery face unavoidable risks, particularly in an unplanned procedure, due to the limited preoperative anesthetic preparation time. Additionally, other risks include blood loss and multiple injuries to various systems of the body. During emergency situations, providing appropriate patient care prior to entering the operating room can be a challenge.
Previous studies have revealed many factors, such as age, 5, 11 underlying conditions, 1 American Society of Anesthesiologists (ASA) physical status classification, 4, 6, 10 hemodynamic changes, 12 blood loss, 6 the anatomic site of the surgery, 5, 10 and the types and severity of injuries (for example: blunt trauma and vascular injuries) 13, 14 associated with cardiac arrest during anesthesia. Recognition of such risk factors may help anesthesia care providers to plan appropriate anesthetic care, including the preparation of resuscitation equipment and medications in order to deal promptly with cardiac arrest. Despite this, few studies have focused on the incidence of and factors associated with perioperative cardiac arrest after anesthesia for an emergency surgery. 2 Emergency surgery is likely to increase as the population grows over the next decade, and one would, therefore, expect to see higher mortality rates. 2, 10, 15 Hence, it is critical to promptly manage these patients in order to preserve circulation and protect vital organs, particularly the brain and the heart, greatly affecting the outcome of any surgical treatment. 16 Therefore, this study was conducted to determine the incidence of and factors associated with patients whose cardiac arrest occurred within 24 hours of receiving anesthesia for emergency surgery at Maharaj Nakorn Chiang Mai Hospital, a university-based teaching hospital in northern Thailand.
Patients and methods
After the study was approved by the ethical committee of Maharaj Nakorn Chiang Mai Hospital, Faculty of Medicine, Chiang Mai University; the recorded data of 44,339 patients receiving anesthesia for emergency surgery during the period from January 1, 2003 to March 31, 2011 were reviewed.
We documented data from the time of onset of anesthesia until 24 hours after by using a study record form 17 which was developed and approved for content validity by experienced anesthesiologists. The process of data collection was tested in ten emergency surgery cases for its completeness prior to starting the study.
Data included general patient characteristics such as sex and age, medication use, substance abuse, and comorbidities prior to receiving anesthesia. Additional information included assessment of the patient's initial physical conditions, details of the surgery and administration of anesthesia, ASA physical status classification, anatomic sites of surgery, patient monitoring, anesthetic techniques, airway management, and anesthetic agents used.
Details of the event were documented in the data record form and checked for errors and completeness before being entered into the computerized database. All of the data were obtained by chart review, including the digital hospital database, anesthesiology records, medical records, and electrocardiogram (EKG) examination and laboratory reports. Data extraction from the database for analysis was done by two research assistants who had been trained and tested for standardized data collection techniques by anesthesiologists to ensure the accuracy of the information recorded. The data entry was done by using the double-entry technique for ensuring accuracy. Data from those who had cardiac arrest prior to surgery, received local anesthesia by surgeons, or underwent monitoring anesthesia care were excluded.
Cardiac arrest was defined as a sudden state of circulatory failure due to a loss of cardiac systolic function and specific changes in the cardiac rhythm causing a disturbance of the heart before the occurrence of cardiac arrest; ie, ventricular fibrillation, pulseless ventricular tachycardia, pulseless electrical activity, and asystole.
The statistical analysis was performed using the STATA (StataCorp LP, College Station, TX, USA) statistical package. Descriptive statistics were used to describe patient characteristics, including age, sex, ASA physical status classification, current medications, personal history, and comorbidities. Fisher's exact or chi-square test was used to analyze categorical variables, and the t-test or Wilcoxon's rank-sum test was used to analyze the continuous data when appropriate. Factors potentially associated with cardiac arrest were initially determined by using the univariable statistical analysis. Factors associated with cardiac arrest at P-values of less than 0.02 were selected for further analysis by a stepwise multivariable generalized linear regression for risk ratio (RR). The multicollinearity of all variables was examined by bivariate correlation matrix. If any factors showed multicollinearity, only one of them was selected to further multivariate analysis. A P-value of less than 0.05 was considered as statistically significant. The RR and 95% confidence interval (CI) were used to determine the strength of association between each factor and the cardiac arrest.
Results
During the 9-year period, the first episode of cardiac arrest within 24 hours of anesthesia occurred in 721 cases out of 
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cardiac arrest and its associated factors in emergency surgery patients 44,339 emergency surgical patients (163:10,000). Their ages ranged from 2 months to 78 years. The vast majority of them received general anesthesia (97.5%) and were intubated (92.1%). More than half of them were male (69.6%), and had an ASA physical status classification of 3 or higher (92.6%). Table 1 compares the preoperative comorbidities, anatomic sites of surgery, and history of drug administration and substance abuse in those with and without cardiac arrest. Patients in the two groups were statistically different in many characteristic variables, as outlined in Table 1 . Details of medications, including anesthetic agents, are shown in Table 2 . There was no significant difference between the two groups regarding the mean duration of anesthesia (126.3±95.1 minutes versus 120.6±104.2 minutes). The surgery was discontinued in 65 patients (0.14%) due to uncontrollable bleeding and/or unavailability of blood components. Some patients experienced electrocardioversion or cardiac arrest during surgery. The incidence of cardiac arrest in patients undergoing surgery during the evening or at night was two times higher than in those undergoing surgery during the daytime (74.1% versus 25.9%). Using the univariate analysis, variables with a P-value of less than 0.02 were male sex (RR =1.48, CI =1.26-1.73, P,0.001), aged 2 years or younger (RR =1.86, CI =1.32-1.92, P,0.001) or older than 65 years (RR =2.47, CI =2.00-3.04, P,0.001), having an ASA physical status classif ication of 3-4 (P,0.001) and 5-6 (P,0.001), anatomic sites of surgery (upper intra-abdomen, intracranial, intrathoracic, cardiac, and major vascular, each P,0.001), patient comorbidities (respiratory, cardiovascular, and hematology, each P,0.001; endocrine, P=0.002), current NSAID medications such as aspirin (RR =4.62, CI =2.61-8.17, P,0.001), general anesthesia techniques and requiring endotracheal intubation (RR =8.49, CI =5.32-13.55, P,0.001), and hemodynamic instability or patients in shock prior to receiving anesthesia (RR =23.23, CI =20.07-26.87, P,0.001) ( Tables 1 and 2 ). Additionally, statistically significant anesthetic medications as shown in Table 2 .
From the multivariate analyses, the statistically significant factors associated with cardiac arrest were age of 2 years or younger (RR =1.46, CI =1. 
Discussion
Over the past decade, there has been growing interest in determining risk factors for cardiac arrest in patients who receive anesthesia for surgery in order to develop practice guidelines aimed at reducing mortality rates. 1, 3, 5, 6, 11 However, most studies have focused on patients undergoing elective surgery, even though emergency surgery patients were occasionally included. 1, [3] [4] [5] [6] 8, 14 Patients undergoing elective surgery usually have an anesthesia presurgical plan completed in advance, but emergency surgery patients do not. In addition, previous studies involving emergency patients did not focus on many of the risk factors which contribute to cardiac arrest. Also, there are differences in ethnic groups across studies with limited sample size or merely being case reports. 4, 10, 15, 18 Moreover, there is a lack of good data regarding the role of specific risk factors associated with cardiac arrest in patients receiving anesthesia for emergency surgery, which has been shown to lead to higher mortality rates than in patients undergoing elective surgery.
In the review of our data, the cardiac arrest rate in the first 24 hours after receiving anesthesia for emergency surgery was 163 per 10,000 cases, compared to an overall rate of 8.5 per 10,000 cases. Differences in study design and patient demographic data, however, may have affected the results. Studies in Thailand reported a range from 8.2 to 96.4 per 10,000 cases, 5, 10, 12, [19] [20] [21] and in Nigeria and Pakistan cardiac arrest rates ranged from 0.64 to 60 per 10,000 cases. 2, 9, 11, 22 A review of the relevant studies over the past decade in both developed and developing countries revealed that cardiac arrest rates tended to decrease over time in developed countries, but not in developing countries. [23] [24] [25] [26] [27] [28] For example, a study in Switzerland found anesthesia-related cardiac arrest had been low during the past decade 3 and in Japan over the past 5 years the cardiac arrest rate had been decreasing from 5.79 to 4.24 per 10,000 patients. 24 However, those studies included all patients, whether undergoing either elective or emergency surgery.
The relatively high rate of cardiac arrest in our study may have resulted from many factors, such as the patient's poor condition prior to emergency surgery, the presence of severe injuries, significant blood loss, and the lack of preparation time in advance of the emergency surgery. In addition, some patients with shock had to be urgently transferred from the emergency room to the operating room in order to provide emergency surgery. Hence, they required immediate attention and excellent cooperation among the interdisciplinary team for proper surgical management. The factors associated with cardiac arrest in our study will be discussed below.
Multivariable regression analysis of the patient characteristics shows that factors significantly associated with perioperative cardiac arrest are higher ASA classification, anatomic site of surgery (upper intra-abdominal, thoracic, intracranial, cardiac or major vascular), younger age (#2 years), preoperative comorbidities (respiratory and cardio vascular), and the presence of shock prior to anesthesia.
Age was found to be a statistically significant factor associated with cardiac arrest in patients who were 2 years old or younger. The incidence of cardiac arrest in these younger patients was almost double that of those in the middle-age range. The finding is consistent with the result from a previous study at our center 29 as well as other studies reporting that pediatric patients are at a higher risk for cardiac arrest and higher morbidity in the peri-and postoperative periods in traumatic cases. It was also reported that pediatric patients with high ASA physical status classification suffering from injury before receiving anesthesia had a higher cardiac arrest and comorbidity rate. ). These factors could be confounding or interactive factors in the analyses. Hence, the result is not consistent with the result from previous studies which reports older age increased cardiac arrest risk. 5, 12 ASA physical status classification is another significant factor in our study. We found that an ASA physical status classification of 3 or higher was associated with increased risk of cardiac arrest. Patients with a higher ASA physical status classification were shown to be five to 34 times more likely to suffer cardiac arrest in previous studies. 1, 3, 6, 14 A 10-year study at a US teaching hospital showed that ASA physical status classification of 5 increased the risk of cardiac arrest by more than 300 times. 7 This is consistent with results from four studies in a university hospital in Thailand 4,5,10,32 and also in results from studies in other developing countries. 11, 33 Furthermore, in a systematic review of perioperative anesthesia in both developed and developing countries, patient ASA physical status classification was a significant factor linked to increased mortality rates over time. [26] [27] [28] This has been shown in pediatric populations as well. 31 Blood loss can lead to variation in assigning ASA physical status classification, especially in emergency patients, where trauma has resulted in injury to the abdomen, brain, heart, and/or musculoskeletal systems. Such cases involve high blood loss prior to hospital arrival, possibly unknown to the surgery and anesthesia teams. Many studies have shown that traumatic cases with high morbidity also involve blood loss. 3, 18, 30 In one study, the highest cardiac arrest rates occurred in cases involving intraoperative transfusion, traumatic cases, poor ASA physical status classification, and emergency surgery. 3, 6, 15 A study in Japan revealed that excessive surgical bleeding resulted in higher frequencies of cardiac arrest. 23 In studies in critical care patients in Pakistan and Thailand, the presence of shock was a major factor associated with cardiac arrest. 12, 22 We found an increased relative risk of 2.62 for cardiac arrest in patients with shock prior to anesthesia, which would most likely be associated with excessive blood loss.
Respiratory and/or cardiovascular comorbidities were associated with cardiac arrest in our study. It is clear that a number of our cardiac arrest patients were in shock before receiving anesthesia (47.3%), which is one known factor that doubles the incidence of cardiac arrest. this increased risk of cardiac arrest in pediatric patients, including severe comorbidities of the cardiovascular and/ or respiratory systems, restrictions on drug administration, increased sensitivity to oxygen desaturation, sensitivity in the airways, difficult airway management, and increased sensitivity to changes in the circulatory and/or respiratory systems. This correlates with previous studies 1, 31 as well as a study in Thailand which reported that children with respiratory disease and high ASA physical status classifications were at higher risk of cardiac arrest in the perioperative period. 29 Significantly, in our study, most of the pediatric emergency cases involved cardiac surgery during the evening or night hours.
The multivariate analysis in this study failed to demonstrate a statistically significant association between the age group of older than 65 years and cardiac arrest despite a significant association in the univariate analysis. From our data set, we found that there were relatively more patients in the reference group (older children and young adults) with Our study also identified that the anatomic site of surgery was a risk factor for cardiac arrest. Surgeries involving upper intra-abdominal, intracranial, intrathoracic, cardiac, and major vascular areas were significantly associated with cardiac arrest. This is consistent with study results which reports vascular surgery associated with a higher mortality rate, intra-abdominal surgery as a significant factor in cardiac arrest, intrathoracic surgery leading to higher mortality rates, and intracranial surgery as a significant factor in cardiac arrest. 5, 10, 15, 34 Studies from Australia and Thailand found that patients undergoing major vascular surgery had up to a threefold increase in cardiac arrest. 4, 15 Furthermore, the anatomic site of surgery and special techniques used during surgery, such as cardiopulmonary bypass and hypotensive technique, were also contributing factors to the occurrence of cardiac arrest in our results.
Our study has some limitations. The process of retrospective data collection may leave out some variables due to error in reviewing the medical records as well as mistakes in recording the data in the computer database. Thus, the analysis could not possibly be adjusted for these unknown factors. Even though practitioners developed guidelines to identify the risk factors associated with cardiac arrest in patients undergoing emergency surgery, it is probably not very practical to use them. Also, since it involves one single institution, and the incidence of cardiac arrest in this study is much higher than in the rest of the published data, it is not really representative of the entire patient population. However, despite the difficulties in using retrospective study results, our study did have certain strengths due to the fact that all of our patients were followed up for 24 hours after anesthesia was administered. The information was verified for accuracy by both anesthesiologists and nurse anesthetists. Additionally, our study confirms the need for further expanded research, including cardiac arrest in the intensive care unit, the emergency department, recovery room, and patient wards.
Conclusion
The perioperative incidence of cardiac arrest within 24 hours of anesthesia for emergency surgery is high and is associated with multiple factors, such as young age (#2 years old), cardio vascular and respiratory comorbidities, increasing ASA physical status classification, preoperative shock, and certain surgical sites, including the abdomen, major vascular system, brain, and heart. Perioperative care providers, including surgeons, anesthesiologists, and nurses, should be prepared to manage promptly this high-risk group of surgical patients.
